When electrons or positrons in a bunch pass through the periodic structure of a linear accelerator, they leave behind them energy in the form of longitudinal wake fields. The wakefields thus induced by early particles in a bunch offset the energy of later particles. For a linear collider, the energy spread' introduced within the bunches by this beam loading effect must be minimized because it limits the degree to which the particles can be focused to a small spot due to chromatic effects in the
Introduction
When electrons or positrons in a bunch pass through the periodic structure of a linear accelerator, they leave behind them energy in the form of longitudinal wake fields. The wakefields thus induced by early particles in a bunch offset the energy of later particles. For a linear collider, the energy spread' introduced within the bunches by this beam loading effect must be minimized because it limits the degree to which the particles can be focused to a small spot due to chromatic effects in the final focus system.! For example, for the SLC, the maximum allowable energy spread is ±0.5%.
It has been known for some time that partial compensation of the longitudinal wake field effects can be obtained for any bunch by placing it ahead of the accelerating crest (in space), thereby letting the positive rising sinusoidal field offset the negative beam loading field.1 The work presented in this paper shows that it is possible to obtain complete compensation, i.e., to reduce the energy spread essentially to zero by properly shaping the longitudinal charge distribution of the bunch and by placing it at the correct position on the wave.
Optimizing the Bunch Shape
The energy gained by a single particle riding at an angle 01 with respect to the crest of a traveling wave of accelerating gradient Eo over a length L is V = EoL cos0t .
(1)
In the case of a bunch consisting of many particles, this energy is modified by the presence of the wake fields left by particles ahead of 01. For the examples worked out in this paper, we will use the SLAC constant-gradient structure although the technique should be applicable to any structure for which the longitudinal wake function is known. This wake function, WL(O), is defined as the voltage excited by a unit charge traversing the structure. It is shown in Fig. 1 wave. The charge distribution is f(0') and the maximum energy gain is Vo.
bunch, is made to vary from 0 (the head of the bunch) to 00-01 (the position where we want to know the net energy).
In order to reduce the energy spread within the bunch to zero, we must make V(01) independent of 01. This requires that av(01) =0 ao1 (3) By taking the partial derivative of Eq. (2) with respect to 01
and setting it to zero, we get: 
WL(O)
Letting 00 -91 = z where x > 9', Eq. (4) becomes: 
We see that for a structure with a given WL(O), once the gradient Eo and the angular position So of the head are chosen, the shape is fixed by Eq. (6) and is independent of the total energy Vo and length L. For a given gradient Eo, f(9) starts at a higher value as So is made larger since Table 3 shows the effect of changing the bunch charge while keeping its shape and So constant. f(0) = E0d-si 00 (7) WL(O) as shown in Fig. 3 . Clearly, the more charge one wants, the higher gradient one needs, or tIe farther ahead of crest one must place the head.
Tolerances
To get a feeling for allowable tolerances, it is interesting to calculate the effect of changes in injection angle (so) or bunch charge on E and aE/E, assuming constant bunch shape. Table  2 shows the effect of varying So while keeping the total charge of the bunch equal to 5 x 1010 e in the case of the truncated Gaussian bunch discussed earlier. Conclusions We have shown in this paper that it is theoretically possible to find bunch shapes for the SLC which yield 5 x 1010 or more particles within negligible energy spread at the end of the linear accelerator. As it turns out, these shapes depend only on the linac energy gradient and the angle at which the head of the bunch is placed with respect to the accelerating wave, and are independent of the total energy or length of the accelerator. Excursions away from this angle in parts of the linac, designed to cause Landau damping of the transverse wake field effect, are of course permissible as long as overall 'phase closure" to preserve the desired average 0o is accomplished. Some of these theoretical bunch shapes are not too different from shapes that ought to be realizable from injectors or damping rings. How to realize them exactly is not the subject of this paper.
